Cell suspension cultures of sugar beet were grown at various salinities (0-200 millimolar NaCI). Their tolerance to Na' was comparable to that of the intact plant. Tonoplast vesicles were prepared by sucrose density gradient centrifugation of microsomal membranes and shown to be highly purified. The vesicles were subjected to a pH jump in the presence of acridine orange and the rate of recovery of fluorescence after addition of Na' was used as a measure of Na'-dependent H' efflux. In the presence of K+ and valinomycin, the Naf/H' antiport showed saturation kinetics.
In a previous study (3) we characterized a Na+/H+ antiport in tonoplast vesicles isolated from storage tissue of red beet and sugar beet. Since the vacuolar accumulation of sodium is characteristic of salt-tolerant species (7, 8) this tonoplast Na+/H+ antiport may be one of the principal physiological factors conferring salt tolerance on the plant. Further work on the expression and regulation of this transport system is therefore needed. A recent report ( 14) shows that the marked increase in capacity for Na+ accumulation which develops during washing of sliced storage tissue of red beet (11) is accompanied by a progressive decrease in apparent Km of the tonoplast Na+/H+ antiport.
In the present work, we use sugar beet cell suspensions to investigate the regulation of antiport activity in response to extracellular Na+, and present evidence for a specific induction of antiport activity by salt. Saunders, East Lansing, MI. Cell suspensions were maintained in 500 ml Erlenmeyer flasks containing 250 ml Murashige and Skoog medium (15) For routine preparation of tonoplast vesicles, the KI-treated microsomal pellet was resuspended in 20 ml suspension medium, and 5 ml was layered onto each of four step gradients consisting of 16 ml 15% (w/w) sucrose layered over 16 ml 23% (w/w) sucrose in suspension medium. After centrifugation at 80,000g for 2 h in a Beckman SW 27.1 rotor, membranes at the 0 to 16% sucrose interface were removed with a Pasteur pipette. The membranes were diluted 10-to 20-fold with the desired experimental solution, sedimented at 80,000g, and resuspended in 1 ml of the same solution.
MATERIALS AND METHODS
Enzyme Assays. Phosphate hydrolyzing activity was measured as the liberation of Pi according to Ames (1) . ATPase activity was measured in a 0. rated from the bulk of membrane protein as well as from vanadate-sensitive ATPase (marker for plasma membrane), Cyt c oxidase (mitochondria), latent UDPase (Golgi), and the bulk of the antimycin-insensitive NADH-Cyt c reductase (ER). A small fraction of the latter enzyme is thought to belong to the tonoplast (12) . In the present work, a 0 to 16% sucrose step was used to isolate tonoplast vesicles, which eliminated essentially every trace of contaminating markers. Comparison of sucrose gradient profiles of marker enzymes after growth in the presence and absence of NaCl showed no significant differences (results not shown).
The Induction of Na+/H+ Antiport Activity by Salt. The effect of Na+ on the dissipation of a transmembrane pH gradient was tested in tonoplast vesicles basically as described before (3, 5) . The addition of tonoplast vesicles equilibrated at pH 5.8 to a pH 8.0 buffer (pH jump) caused quenching of acridine orange fluorescence. To avoid the generation ofelectrically driven H+ movements through conductive pathways (i.e.a H+ diffusion driven by a Na+ diffusion potential), the pH jumps were generated in the presence of equimolar K+ concentrations (15 mM) across the membrane and valinomycin, which should abolish the electrical membrane potential across the tonoplast membranes (3, 13) . The quenched fluorescence was gradually restored after addition of different Na+ concentrations. Sodium-dependent H+ fluxes, measured as percent change of fluorescence quench (Q) per min, were recorded as described in "Materials and Methods." In the experimental range, the initial rate of H+/Na+ exchange (fluorescence recovery), in the presence ofK+ plus valinomycin displayed saturation kinetics with respect to extravesicular Na+ concentrations in tonoplast vesicles isolated from sugar beet cell suspensions grown at increasing NaCl concentrations (0-200 mM) (Fig.  3) . Figure 4 shows the effect of NaCl in the cell growth medium on the apparent Km and Vm,a, for Na+/H+ antiport in isolated tonoplast vesicles. No change was seen in apparent Kin, while the Vmax increased with increasing Na+ in the growth medium up to about 100 mM NaCl, reaching a maximum of about twice the such as betaine (8) . The retention of a 'constitutive level' of Na+/ H+ antiport in absence of salt may be related to this general pattern in halophytes.
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